Introduction
The prevalence of diverticulosis is <20% in people <40 years of age compared to 60% in people >70 years of age. 1 Acute diverticulitis occurs in ∼4% of patients with diverticulosis, and 30% of these patients will have complicated diverticulitis (persisting or recurring diverticulitis). 2 After recovery from a first episode of diverticulitis, 16%-19% of patients will have recurrence after 9 years and 15 years. 3, 4 Diverticulitis is the most frequent surgically treated disease after cancer in modern Western societies. A nationwide inpatient sample study in the US has shown that diverticulitis-associated hospitalizations between 1998 and 2005 have steeply risen, especially in young adults. 5 If management of acute diverticulitis has undergone meaningful changes over the past decade, the majority of evidence is currently of poor quality. 6 The aim of this study is to focus on other issues that are also still debated: the place of computed tomography (CT) scan, the role of laparoscopic lavage for colonic perforation, and the surgical indications for patients with chronic symptoms.
Present role of CT scan CT scan as a diagnostic tool
The diagnostic approach of patients with suspected acute diverticulitis remains debated. 7 Andeweg et al 8 developed a scoring system with the best predictive value for diagnosing acute diverticulitis, in order to reduce the use of CT scan. In contrast, Karidis et al 9 stated that patients with a high probability of acute diverticulitis constitute a group that will mostly benefit from CT scan from a clinical viewpoint, ensuring that they will receive the most appropriate treatment. Thus, the role of CT scan for acute diverticulitis needs to be reassessed.
The central place of CT to diagnose and evaluate the severity of acute left-sided colonic diverticulitis has now been largely proven 10, 11 together with a better performance in the detection of complicated diverticulitis compared with watersoluble contrast enema. 12 Should we do CT for every patient suspected to have acute diverticulitis? The last recommendation of the American Society of Colon and Rectal Surgery proposed to realize "abdominal radiograph" in selected clinical scenarios. 13 This statement was based on a retrospective study of 124 patients with a CT-proven acute diverticulitis. A nomogram was constructed based on seven independent variables (age >50 years, previous episodes of acute diverticulitis, lower left abdominal pain, aggravation of pain on movement, no vomiting, lower left abdominal tenderness, and C-reactive protein [CRP] >50 mg/L) that were independent predictors of acute diverticulitis, with a diagnostic accuracy of 86%. The authors stated that additional imaging could be omitted in case of a high chance of acute left-sided colonic diverticulitis based on the nomogram. 8 Another study explored a clinical decision rule to diagnose acute diverticulitis that was used to select patients in whom additional imaging to diagnose acute diverticulitis could also be omitted. Three features (isolated tenderness in the left-lower quadrant, absence of vomiting, and CRP >50 mg/L) had the best positive predictive value. Of 30 patients having all three features, 29 had a final diagnosis of acute diverticulitis (positive predictive value of 97%). In patients without these three features, imaging is required. 14 A third study, comparing acute diverticulitis (145 patients) with nonspecific abdominal pain (1,142 patients), found bioclinical features that can differentiate acute diverticulitis from nonspecific abdominal pain. 15 An external validation of the tools including these previous three studies was proposed to select patients in whom additional imaging to diagnose acute diverticulitis could be omitted. 16 The relevance of these studies has to be taken with caution for the following reasons: the number of patients in each study is relatively low (124 patients, 8 80 patients, 14 and 58 patients 15 ), and clinical signs and value of CRP are not highly discriminating parameters. With regard to clinical signs, Longstreth et al, 17 in their retrospective study of 741 patients, comparing CT classifications (1, nondiagnostic; 2, moderate; 3, severe) with clinical and laboratory features, found that 74.7% of the 92 patients with CT-severe diverticulitis had only lower abdominal pain. Two studies found that the accuracy of clinical evaluation for colonic diverticulitis is low, with a sensitivity of 64% 9 and 68%. 18 Besides, inclusion of a more objective parameter, CRP >50 mg/L could also be argued. Käser 21 In fact, if CT is definitely considered as the best tool to diagnose acute diverticulitis, its place at present time is not clearly stated since a majority of patients with clinical (left-lower abdominal pain) and biological assessment (high white blood cell count) compatible with acute uncomplicated diverticulitis will not have a CT. The study of O'Connor et al 22 reporting on 3,396 patients with the diagnosis of acute diverticulitis found that the use of CT for the 2,576 outpatients (outpatient Clinic) compared with 820 inpatients (emergency room) was quite low (14% vs 85%).
CT scan usefulness
CT is definitely the best tool today for the physician to be in a position to apply the most appropriate treatment for patients with a first episode of acute colonic diverticulitis and to evaluate the risk of recurrence for the patients who were responding favorably to a nonoperative treatment of their first attack. The proposed treatment of an acute diverticulitis depends on the physiological state of the patient, the physical Clinical and Experimental Gastroenterology 2016:9 submit your manuscript | www.dovepress.com
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Left-sided colonic diverticulitis examination, the inflammatory indexes, and the CT scan images. In this situation, the findings of CT are the essential keys for the decision of a nonoperative management of the disease. In hemodynamically stable patients with colonic perforation location and size of peritoneal air, intraperitoneal fluid, and location and size of abscess(es) reported by CT, together with clinical appreciation and biological examinations, will guide the physician to identify patients who can be treated nonoperatively and patients who need an urgent surgical treatment. The quality of CT (intra-venous and rectal contrast) is very important, first to propose surgery with sigmoidectomy in case of leakage of contrast in the abdominal cavity and second to suspect a cancer.
Findings of CT are also essential to inform patients of the risk of recurrence after a first episode of acute diverticulitis. Trenti et al 23 studied prospectively 560 patients admitted for the first episode of acute diverticulitis confirmed by CT scan and treated conservatively. After a mean follow-up of 67.2±44.4 months, the rate of recurrence was 14% after an uncomplicated diverticulitis and 17.6% after a complicated diverticulitis (P=0.321), and the risk of severe recurrence was statistically greater in the group with an initial complicated diverticulitis. 23 In our series of 300 patients who were treated conservatively for their first episode of acute diverticulitis we found, after a median follow-up of 46 months, that the risk of recurrence of acute diverticulitis was statistically higher in patients with initial CT-severe diverticulitis (abscess and/or extraluminal contrast and/or extraluminal air), compared with patients with initial CT-moderate diverticulitis (47% vs 19%, P<0.0001). 24 Poletti et al 25 found that abscess and pockets of extraintestinal gas ≥5 mm correlated with unfavorable outcome of nonoperative treatment. Shaik et al, 26 using our CT classification, found that 12 (55%) of the 22 surviving patients with CT-severe initial episode of acute diverticulitis were having later surgical treatment, compared with 23 (13.6%) of the 169 patients with moderate disease (P<0.001). Hall et al 27 found that length of involved colon >5 cm and retroperitoneal abscess were associated with diverticulitis recurrence. 27 Buchs et al 28 found that free air on initial CT was of borderline significance for the risk of recurrence.
Number, severity, and location of episode(s) of acute diverticulitis are essential keys to evaluate the place of elective surgery. Recently, Gervaz et al 29 have found that in 35% of patients who had a recurrence after an initial uncomplicated sigmoiditis the diverticulitis will involve another segment of the left colon. Knowing that 93% of acute diverticulitis involve the sigmoid and the descending colon, this finding is very important to guide elective surgery that should ideally remove all the segments affected with diverticulitis. 30 A review of six guidelines has been recently published and concluded that "clinical assessment is insufficiently precise" and "agreed on the need for imaging in addition to clinical diagnosis, for staging and other diagnosis, preferably by CT". 21 Another radiological review focusing on the current role of CT arrived at the same conclusion. 31 Then, considering the crucial and numerous roles of the CT scan (precise diagnosis/complicated vs uncomplicated diverticulitis/colonic location), it seems reasonable to propose a CT scan to all patients suspected to have an acute diverticulitis. There is no doubt that patients reporting episodes of CT-proven acute diverticulitis will give accurate findings to help indicate elective surgical treatment.
CT scan should not be anymore related to the surgical Hinchey's classification, which is now outdated. 32 For instance, Hinchey 3 or 4 (generalized purulent peritonitis or fecal peritonitis) cannot be directly translated by CT since free intraperitoneal fluid is not pathognomonic for Hinchey 3 or 4. To illustrate this fact, Gielens et al, 33 assessing the accuracy of preoperative staging of perforated diverticulitis by CT for 75 patients, found that accuracy of Hinchey's classification is not very high since in 43% of cases Hinchey 3's perforated diverticulitis was falsely classified as Hinchey 1 or 2 by CT. The use of rectal contrast increased the accuracy of CT scanning to 11%.
Consequently, CT scan has to be completely descriptive, taking into consideration the details of all the signs that might play a role in the evaluation of acute diverticulitis. The punctilious analysis of the CT images will considerably help the physician to make the best therapeutic choice (oral antibiotic therapy vs no antibiotic therapy/intravenous antibiotic therapy/percutaneous drainage of abscess/conservative or surgical treatment of colonic perforation). To be the most accurate descriptive imaging, CT should be done within 48 hours after onset of the abdominal symptoms. Intravenous and rectal contrast will considerably enhance the performance of the quality of the lecture. [34] [35] [36] [37] [38] [39] [40] The precise lecture of the CT scan classifies acute diverticulitis into uncomplicated and complicated diverticulitis. In order to reach this position, the following revision of CT scan is proposed ( Table 1 ).
The role of colonoscopy or CT colonography after acute diverticulitis
The role of colonoscopy is now changing and seems to be important for patients after an acute complicated episode of diverticulitis, for patients with persistent symptoms, and 
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Ambrosetti for patients aged 50 years or older. 41 Most practice guidelines advise performing colonoscopy after an episode of acute diverticulitis, but this statement lacks clear scientific evidence. 31 Recently, Flor et al 42 proposed a CT colonography as a prognostic tool after recovering from an episode of acute diverticulitis. A diverticular disease severity score based on maximum sigmoid wall thickness and minimum lumen diameter showed a correlation with the risk of undergoing surgery and found 11% of relevant additional findings. A significant correlation (P=0.022) between diverticular disease severity score and the final clinical outcome (good health/mild typical pain/recurrence) was found. This study is limited by a small sample size (46 patients) and by the fact that no detailed comparison between the initial CT at the time of the acute event and CT colonography has been done. If it is too early to propose this later radiological examination for all patients after an acute diverticulitis, it could really be interesting for selected patients (complicated diverticulitis/residual symptoms/age >50 years).
Tursi et al 43 proposed an endoscopic classification (extension of diverticulosis, number of diverticula, presence and type of inflammation, and the presence and type of complications) that could predict the outcome of the disease and possibly be helpful to guide the indications for elective surgery. The main difference between these two therapeutic concepts is the fact that the nonoperative approach is thoroughly based on CT results, whereas the laparoscopic approach is based on a surgical appreciation where patients were reported as having a "generalized purulent peritonitis". There is no doubt that the latter surgical definition might include a great variation in clinical presentations, which renders more difficult the analysis of this technique.
Today, besides Dharmarajan's report, three studies have published their experience of nonoperative treatment of colonic perforation in hemodynamically stable patients. The rate of success of conservative treatment was between 60% and 80.5% for distant peritoneal air and between 62% and 100% for free peritoneal fluid. [47] [48] [49] Regarding the experience of laparoscopic lavage and drainage, of 17 studies including 873 patients, three were prospective and six included <10 patients. Only 446 patients (51%) were classified according to Hinchey's stages: four patients (1%) were Hinchey 1, 78 patients (17%) were Hinchey 2, 342 patients (77%) were Hinchey 3, and 22 patients (5%) were Hinchey 4. Postoperative morbidity was 0%-54%, mortality was 0%-6%, and surgical reoperations were 0%-19%. The lack of homogeneity of these postoperative results speaks for a poor quality of the existing current literature. 45, [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] The results of three multicenter randomized studies including patients with purulent peritonitis (Hinchey 3) have now been published. In the first study, the DILALA trial published in 2016, 75 patients were available for analysis (39 in the laparoscopic lavage group and 36 in the Hartmann group) and were randomized. Reoperation within 30 days was equivalent (13.2% after laparoscopic lavage vs 13.2% after Hartmann operation). As morbidity and mortality after laparoscopic lavage did not differ compared with the Hartmann procedure and that laparoscopic lavage resulted in shorter operating time, shorter time in the recovery unit, and shorter hospital stay, the authors concluded that laparoscopic lavage was feasible and safe in the short-term. 67 We should though take these results with caution considering the low number of selected patients, the exclusion of ∼50% of potential candidates without clear reasons, and the highly statistical difference in the presence of visible perforation (5.2% for the laparoscopic 
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Left-sided colonic diverticulitis lavage and 50% for the Hartmann, P<0.0001) that authors attributed to the handling of the colon during the open Hartmann procedure. Moreover, the 17.1% rate of early reoperation after Hartmann procedure seems to be quite high compared with the following two randomized studies (7% for the second study 68 and 5.7% for the third study 69 ) and with the French randomized study of primary colonic resection vs proximal colostomy + drainage that reported a 3.6% rate of early reoperation after primary resection. 70 The second study, the LOLA group of the Ladies trial, included 90 patients. The trial had to be ended as the safety of the participants in the lavage group was at risk considering the high rate of surgical inhospital reoperation after lavage (18 patients (39%) in the lavage group vs two patients (5%) in the sigmoidectomy group). By 12 months, four patients had died after lavage and six patients had died after sigmoidectomy. The authors concluded that laparoscopic lavage was not superior to sigmoidectomy. 68 The Scandinavian randomized study included 101 patients with laparoscopic lavage vs 98 with primary resection. The early reoperation rate was 20.3% for the laparoscopic lavage and 5.7% for the Hartmann procedure. Moreover, four sigmoid carcinomas were missed with laparoscopic lavage. The authors concluded that these findings did not support laparoscopic lavage for the treatment of perforated diverticulitis. 69 These controversial results do not bring a clear light about indications and identification of patients who would benefit from laparoscopic lavage and drainage for perforated diverticulitis with purulent peritonitis. 71 In his Editorial about indications for laparoscopic lavage and drainage, Mutch (cowriter of Dharmarajan's study 46 ), underlined the lack of comparative studies to endorse this technique. He thinks that, "with appropriate percutaneous drainage, antibiotic therapy, nutrition, and clinical support, many of these patients could have been successfully treated without urgent operation" 72 Unfortunately, the numerous publications about laparoscopic lavage and even the expected results of the three randomized studies did not shed light on the place of laparoscopic lavage. The highly different rates of postoperative morbidity (0%-54%), mortality (0%-6%), and surgical reoperations (0%-19%) of the 17 first publications and the same findings for the three randomized studies (mortality 3%-13.5%/surgical reoperations 13.2%-28%) show that the place of laparoscopic is still far from being clear, and that, consequently, surgeons should stay on the wise side of the surgical choice (colectomy with anastomosis ± ileostomy or Hartmann) if they find a visible colonic hole, a diffuse peritonitis or for patients with co-morbidity.
Recurrent diverticular diseases
A few years ago, a growing body of knowledge has shown that acute diverticulitis might turn into a chronic bowel disorder composed of recurrent abdominal symptoms and considerable psychosocial impact. New research implicates a role for low-grade inflammation, sensorymotor nerve damage, and dysbiosis in a clinical picture that mimics irritable bowel syndrome (IBS) and even inflammatory bowel disease. 73 For the last few years, two chronic different syndromes related to diverticular disease have been identified besides the classical presentations of diverticulitis. The first condition is known as "symptomatic uncomplicated diverticular disease (SUDD)" 74 or "uncomplicated symptomatic diverticular disease (SYMP-DD)", 75 and the second condition is known as "IBS-like diverticular disease". 74, 76 In the first condition (SYMP-DD), the pain is longer (>24 hours), not relieved by defecation, localized in the left iliac fossa, diarrhea is more frequent, often associated with fever, with a raised white count, and positive fecal calprotectin. For these cases, CT scan should be done to confirm an acute diverticulitis. "IBS-like diverticular disease" is determined by recurrent, shortlived, diffused low abdominal pain and bloating relieved by defecation, diarrhea is not prominent, and bioclinical signs of inflammation are normal. Moreover, the "IBS-like syndrome" was not existing before diverticular disease.
If this presentation appears closer to IBS, when the strict Rome I criteria were applied only 15% met these criteria. We now know that about one third of patients with previous confirmed episode(s) of acute diverticulitis will have recurrent abdominal pain and disturbed bowel habit. 77 After acute diverticulitis inflammatory response and ingress of white blood cells are likely to damage enteric nerves leading to altered neuropeptide distribution and may well induce visceral hypersensitivity (somatization) that can be assessed by a Personal Health Questionnaire (PHQ12-SS). 78 Somatization appears to reflect abnormal central pain processing that renders difficult to define the role of the diverticular disease. Patients with a high somatization may respond to antidepressants, cognitive behavior, or brain-directed therapies, while patients with a low score may well respond to mesalazine, rifaximin, or probiotics and possibly to surgery. 75 Interesting enough is the retrospective experience of the Mayo Clinic reported by Wolff 
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Ambrosetti classified as "atypical diverticular disease", and 66 patients (10%) were classified as "chronic or smoldering diverticulitis". Acute resolving episodes of diverticulitis represent the most common presentation with left iliac pain, fever, clinical localized tenderness, leukocytosis, and increased CRP. CT scan confirms the diagnosis of acute diverticulitis. Patients with "chronic or smoldering diverticulitis" have the same symptoms, fever, leukocytosis, and either do not improve with antibiotic treatment or show a rebound symptomatology at the end of treatment with continuing inflammation. These patients have refractory inflammation. The patients with "atypical diverticulitis" present primarily with pain and may report alterations in bowel habits, though without fever, leukocytosis, or radiological signs of diverticulitis. This atypical presentation has similarity to IBS with the difference that symptoms occur at ∼60 years together with diverticular disease when the peak of real IBS happens in the early 1920s and 1930s. Following elective surgery, 59 (89%) of the 66 patients with "chronic/smoldering diverticular disease" reported complete resolution of symptoms, whereas 50 (93%) of the 54 patients with "atypical diverticular disease" reported complete resolution of symptoms. 79, 80 These two surgical entities show a clear relation with the two conditions previously reported: "chronic/smoldering diverticular disease" has similarity with SYMP-DD or SUDD while "atypical diverticular disease" compares to IBS-like diverticular disease. It is then reasonable to consider surgical treatment for the patients with SYMP-DD or SUDD and for the patients with IBSlike diverticular disease showing low somatization (low psychometric score using PHQ-12 SS 78 ) not responding to conservative treatment.
As early as 25 years ago, Moreaux et al 81 reported longterm very good results in 82% of the 72 patients operated on for chronic symptoms and suggested that chronic symptoms should be taken into account with respect to surgical indications.
Hinchey's surgical classification is now outdated
In 1963, Hugues et al 82 reported the f irst clinical classification of acute colonic diverticulitis that did not remain as a reference in the literature. In 1978, Hinchey et al 32 published a new four-stage classification based on surgical findings (pericolic abscess or phlegmon/pelvic, intra-abdominal, or retroperitoneal abscess/general purulent peritonitis/fecal peritonitis). Since then, this classification has been modified several times as reported by the publication of Klarenbeek et al. 83 Hinchey's classification is divided into two parts: abscess(es) (stages 1-2), the treatment of which is now well codified, and generalized purulent or fecal peritonitis (stages 3 and 4) that requires a surgical treatment. This classification is now insufficient to cover all the presentations of acute colonic diverticulitis. There is indeed a missing gap between these two compartments: colonic perforation with intramesentericor peritoneal air and/or fluid, which could eventually be treated nonoperatively.
Logically, the clinical classification should be based on the detailed findings brought by the CT scan and be independent of Hinchey's stages. This classification should hold four main chapters: uncomplicated, complicated, recurrent, and chronic diverticulitis. Each chapter should contain the different pathological elements characteristic of the chapter (Table 2) .
Conclusion
In our experience, CT scan should always be realized when clinical and biological findings are suggesting the diagnosis of acute left colonic diverticulitis. This added imaging confirms the suspected diagnosis of acute diverticulitis and states precisely the severity of the disease (uncomplicated vs complicated diverticulitis) in order to guide the therapeutic issues and to better define the risk of recurrence. Moreover, CT scan will assist the surgeon, in case of elective surgery, 
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Left-sided colonic diverticulitis to remove part of the distal descending colon whenever acute diverticulitis was located at this part of the colon. For hemodynamically stable patients with colonic perforation, laparoscopic lavage is a therapeutic choice between conservative treatment and sigmoidectomy. Its place is not yet well defined. Here again, higher quality preoperative CT scan using rectal contrast could bring important findings (diffuse contrast in the abdominal cavity and suspicion of colon cancer) that might indicate that lavage would not be suitable.
Surgical option for patients with chronic symptomatic diverticular disease not responding to conservative treatment seems to have a growing place.
Finally, the proposed CT scan and clinical classifications have been dissociated and simplified according to the evolving knowledge about diverticular disease.
